Open spaces are important for improvement of the quality of urban living. Traditional research on open spaces mainly focuses on spatial forms and visual esthetics to analyze environmental quality, but lacks adequate consideration regarding acoustic elements. In the field of acoustic environment, people pay much attention to interior sound quality design and noise pollution. In order to provide a new viewpoint for urban design and to reinforce design methods, herein, the concept of soundscape was introduced. In this survey, the types and the features of waterfront soundscapes, as well as the spatial distribution of visitors were observed. Thirteen pairs of sound and image scenarios were presented to 112 subjects at the tourism city, Hangzhou, China. The sounds and images used were of real settings in waterfront scenic areas. The affective response was measured in terms of pleasure. The evaluation results showed the influence of the interaction between visual and acoustic stimuli on perception of the environment. It has been proven that there is a need to identify places where conservation of the sound environment is essential, due to the drastic impact of the loss of sound quality or its salient informational content on human appreciation, especially in theme spaces and folk-custom landscapes. Moreover, the coherence between sound and image influences human preferences, since coherent combinations are rated higher than the mean of the component stimuli. Therefore, the spatial partition of soundscape is also necessary with the movement of visual images.
Introduction
Traditional acoustic environment research mainly focuses on interior sound quality design and noise pollution. As many specialized halls, such as concert halls, theaters and those for musical performance, have come into existence, acoustic research that aims at "Improving Interior Sound Quality" to acceptable levels is a rising issue among designers. In addition, noise pollution in large cities is an ever-growing problem as the urban environment becomes increasingly crowded. As with the evolution of urban ecology policy, the aim of acoustic research is not just to preserve specific areas but also to consider the value of local access to places which can provide valued sanctuaries from noisy surroundings. For architects, city planners or landscape designers, knowledge and references are limited in the area of acoustic environment design (Durmisevic and Sariyildiz, 2001) 3) . Many field studies are mainly concerned with the physical measurements of urban noise, subjective evaluations remain sporadic, and urban noise is still considered as unwanted sounds.
The human perception of noise, in contrast to a physical instrument such as a sound level meter, is not absolute and mainly relies on the meaning of sounds that are in relation to the sources emitting noise and the people who are exposed to it. Therefore, assessment of a sound environment depends on the information content of the sound and the context in which it is perceived (Southwork, 1969) 7) . Two main consequences are: first, to account for the assessment of subjective impact of noise in correlation with acoustic parameters, and second, to account for both the negative and positive effects of noise in defining the acoustic quality of an urban environment (rather than exclusively focusing on noise annoyance).
Within this framework, the author's position integrates the notion of soundscape initiated by Schafer (1969) as an auditory correspondent of landscape, considering environments and musical compositions as well, and this may be one way to account for noise in cities in a more positive factors as a concept to account for subjective experience 5) . Therefore, it is now widely accepted that a personal response depends as much on the listeners' state of mind and attitudes (psychological and sociologic factors) that drives their interpretation as on physical noise level alone. The author therefore suggested a more subject-centered methodology that aimed at evaluating the diversity of meanings from annoyance to pleasure in an urban environment that contributed to better understanding of sound quality criteria in cities and to provide keys for soundscape design and management.
This study aims at analyzing the sound-image coherence in greater depth, identifying the specific contribution of each stimulus to the total landscape value. In short, the author's aim is to show how the acoustic impact on landscapes and, in particular, on those most highly regarded by the population. Through an evaluation of the influence of the interaction between visual and acoustic stimuli on perception of the environment, it is proved that there is a need to identify places where the conservation of the sound environment is essential owing to the drastic impact of the loss of sound quality or its salient informational content on human appreciation, especially in theme spaces, and folk-custom landscapes. As a result, the spatial partition of soundscape is also necessary with the movement of the visual images.
Methods

Mean Analysis
The mean is a particularly informative measure of the "central tendency" of the variable if it is reported along with its confidence intervals. The confidence intervals for the mean give us a range of values around the mean where we expect the "true" mean is located. In this study, the author obtained the basic situation of soundscapes in the 13 spots around West Lake by comparing their satisfaction evaluation.
Principal Components Analysis
The main applications of factor analytic techniques are: (1) to reduce the number of variables and (2) to detect structure in the relationships between variables, that is to classify variables. Therefore, factor analysis is applied as a data reduction or structure detection method. Principal components analysis is a main implement of factor analytic techniques. Its basic principle expresses two or more variables by a single factor, thus reducing the number of variables. Considering the 112 persons as variables, PCA was conducted at the 13 spots and the scores of each spot on every principal component were calculated.
Cluster Analysis
Clustering techniques have been applied to a wide variety of research problems. For example, in the field of psychiatry, the correct diagnosis of clusters of symptoms such as paranoia, schizophrenia, etc. is essential for successful therapy. In archeology, researchers have attempted to establish taxonomies of stone tools, funeral objects, etc. by applying cluster analytic techniques. In general, whenever one needs to classify a "mountain" of information into manageable meaningful piles, cluster analysis is of great utility. In this research, the 13 spots are classified, based on the score of the first and second principal component.
Stimuli
Thirteen spots with images and sounds were selected covering natural scenes and urban open spaces on a parallel variability scale of similar environmental situations (Table 1. ). Sounds ranged from the purely natural, without human presence, to those containing voices or mechanical sounds caused by human activity. In choosing the images a balance was sought between built-up and natural elements. Exclusively urban images without any natural element were excluded from the selection. In five cases the correspondence between sound and image represented the most likely association in reality.
Natural sounds are normally associated with gentle variations in volume and tone. Likewise natural landscapes are associated with an abundance of vegetation. The sample comprised 13 different soundimage combinations (Fig.1.) 
Procedure
The visual and sound stimuli were presented first separately and then in combinations. Subjects had to rate, first, each image, then each sound and finally, each combination in terms of pleasure on a five-point scale (1 -very unpleasant; 5 -very pleasant). Application of the test took approx. 25 min. Valuations of images, sounds and combinations were carried out in the same order, in a single session, by the 112 individuals participating in the experiment.
Images and sounds were presented to groups in an acoustically conditioned room (Fig.2. ) under good conditions of visibility. Participants were placed at a distance of between 4 and 10 meters from high fidelity loudspeakers and efforts were made to ensure that each one was in a similar stereophonic space. Equipment comprised a digital audio tape player with an amplifier and high fidelity loudspeakers. The images were shown on slides projected against a screen. Responses were written down by each participant on a pre-prepared template.
Sample
The survey participants were 112 citizens (50 females and 62 males) aged between 18 and 74 (average age 37). The valuations of images, sounds and combinations were carried out in the same order by all 112 participants.
Situations in Survey Areas
Hangzhou, the capital of Zhejiang Province is the political, economic, cultural, science and education center of Zhejiang Province. It is well known throughout the world for its beautiful West Lake, which has different charms in the sunny, cloudy, rainy and snowy days, and is surrounded by hills on three sides. The West Lake area, a listed national scenic resort that extends as far as 60 sq. kms. to the west of the city, consists of 60 sites of scenic, historical as well as cultural interests, which attract tens of millions of national and international tourists yearly. Some spots are notable for their beautiful images such as Autumn Moon on the Calm Lake, Solitary Hill, and some for their characteristic sound such as Evening Bell Ringing at Nanping Hill and Orioles Singing in the Willows. In short, the attraction of West Lake comes from the interaction of visual, acoustic, social, and psychological factors etc.
In this survey, 13 spots surrounding West Lake were selected as subjects. The image and sound elements in each spot were recorded with a Sony digital video camera and then selected, as shown in Table 1 
Results and Discussion
Evaluation of sounds and landscape images
Presented separately, sound and image sets received a similar average rating (Table 2. 96. An overall preference is evident for natural and rural rather than urban or street scenes. Sounds in which streams and bird songs predominate, like the Solitary Hill, attract a higher rating than the Wu Shan Square. This kind of sound environment comes within the general concept of cultural landscape, a frequent subject of the literature on landscape conservation (Stanners and Bourdeau, 1995) 8) . Variance analysis between spots shows p<0.01, the differences in the scores of each spot are statistically significant, both for images and sounds taken (Table 3. ). This indicated that the diversity of scenic spots was distinct in the waterfront area. A s c a n b e s e e n i n Ta b l e 2 . , t h e r a n k i n g o f preferences regarding sound-image combinations is not the same as the order obtained for each stimulus individually. In general, coherent combinations of sound and image are more highly rated than the mean of each component stimulus. The congruence or coherence effect has already been reported in previous experiments (Carles et al., 1992 (Carles et al., , 1999 1),2) and may be related to the coherence variable found in studies on visual landscape (Kaplan et al., 1987) 4) . Certain sounds consistently upgrade the rank of both urban and rural or natural images. This was the case in the author's experiment with the sounds of the stream and the bird songs. Natural sounds, particularly of water, help create positive feelings towards the landscape. The attraction of the presence of water in landscapes has been interpreted as expressing the qualities of survival and fertility ascribed to this element (Schafer, 1977) 6) . The most highly rated combination was the sound and image of Quyuan Park (3.91), while the lowest score was accorded the combination of the image and sound of Hefang Street (1.67), which is a busy city road. These evaluations might be connected with the specific effect of the sound of water and the soundimage congruence. The sound of the stream, in the meantime, usually increased the value assigned to the related images.
The upper results are strongly confirmed with the analysis of correlations between combination, sound, image and coherence. As can be seen in Table 4 ., the correlation level between combination and image is the highest (0.881), while at the same time, comparatively high levels are presented concerning combination versus sound (0.659) and combination versus coherence (0.556). This suggests that the sound and the sound-image coherence were the influencing factors of the evaluation.
Principal Component Analysis
In order to track the complex influence and the transaction between these sounds and images, a Correspondence Analysis was carried out (Table  5. ). This procedure allows regular patterns or trends in subjects' responses to be picked out. Evaluation styles or trends are represented through a system of coordinates or dimensions, which can be interpreted by the position of the variables or stimuli used in the survey.
The distribution in space of the combinations allows different groupings to be distinguished with regard to both relative distances (the proximity or distance of each combination from others) and their locations versus the axis midpoints.
The first two dimensions of principal component analysis account for 54.296% of the total variance of the data matrix. According to the score on the first two principal components, the 13 spots are classed into four groups with cluster analysis, Fig.3 . shows a projection of sound-image combinations of the 13 spots on the plane formed by these two dimensions.
In order to investigate the real meaning of the two dimensions, a correlation analysis is performed (Table  6 .), considering 13 objects (population, tree, water, bird etc) as variables and the first two principle components as subjects. The result shows that level and water are respectively the main influencing factors on the first and second principle components, with a correlation coefficient of -0.733 and 0.739. As can be deduced from Table 6 ., the first dimension shows a gradient associated with sound characteristics in terms of their level. The positive end gathers the combinations with higher sound level, while combinations with lower acoustic levels are located at the negative extreme. The second dimension shows a gradient of scenes according to the water present. The positive pole corresponds to more water sound, while combinations with less water are located at the negative end.
Conclusions
On the whole, what was found includes the following: (1) The appearance and quantity of water is important for this tourism city and its landscape. ( 2) The evaluation of landscape scored by people is influenced greatly by the harmony between the image and the sound. (3) For acoustic evaluation, the level of sound is very important. (4) 
